A novel actinobacterium, designated strain UDF-1 T , was isolated from forest soil in Chungnam, South Korea, and its taxonomic position was investigated using a polyphasic approach. . Members of the genus Micromonospora are Gram-positive, spore-forming, aerobic, form a branched mycelium and have been isolated from forest soil, rhizosphere soil, leaves, limestone quarry, mangrove sediment or soil, marine soil, root nodules, lake mud, salt pool mud, sandstone, sandy soil, sea sand or sediment, sponge and water. During studies focused on the isolation of rhizosphere bacteria, strain UDF-1 T was isolated and we report the taxonomic characterization using a polyphasic approach, and propose that strain UDF-1 T represents a novel species of the genus Micromonospora. Physiological media were prepared according to the methods approved by the International Streptomyces Project [10] . The morphological observation of spores and mycelia were conducted by scanning electron microscopy (Hitachi High-Technologies) after strain UDF-1 T was cultured on ISP 2 medium at 28 C for 8 days. Physiological and biochemical characteristics of strain UDF-1 T and closely related type strains were determined as recommended by Shirling and Gottlieb [10] and Williams et al.
The genus Micromonospora was originally proposed by Ørskov et al. [1] and at the time of writing, the genus comprised 63 species with validly published (www.bacterio.net/ micromonospora.html). Additionally seven species of the genus Micromonospora were recently described: M. ovatispora [2] , 'M. endophytica' [3] , M. fluostatini [4] , M. zhanjiangensis [5] , 'M. zeae' [6] , 'M. jinlongensis' [7] , 'M. maoerensis' [8] and 'M. spongicola' [9] . Members of the genus Micromonospora are Gram-positive, spore-forming, aerobic, form a branched mycelium and have been isolated from forest soil, rhizosphere soil, leaves, limestone quarry, mangrove sediment or soil, marine soil, root nodules, lake mud, salt pool mud, sandstone, sandy soil, sea sand or sediment, sponge and water. During studies focused on the isolation of rhizosphere bacteria, strain UDF-1 T was isolated and we report the taxonomic characterization using a polyphasic approach, and propose that strain UDF-1 T represents a novel species of the genus Micromonospora.
Strain UDF-1 T was isolated from forest soil (36 20¢ 40.7 † N 127 12¢ 22.2 † E) in Chungnam, South Korea. The soil sample was homogenized for 2 min at 15 000 r.p.m. and the strain was isolated by plating on 100-fold dilution of nutrient agar (100 À1 NA) containing 1.2 % (w/v) agar, followed by aerobic incubation at 28 C, pH 6.8 for 30 days. A pure culture was maintained on yeast extract-malt extract agar [International Streptomyces Project (ISP) medium 2; [10] . Cultures of the isolated strain were stored at -86 C in the presence of 20 % (v/v) glycerol solution.
Physiological media were prepared according to the methods approved by the International Streptomyces Project [10] . The morphological observation of spores and mycelia were conducted by scanning electron microscopy (Hitachi High-Technologies) after strain UDF-1 T was cultured on ISP 2 medium at 28 C for 8 days. Physiological and biochemical characteristics of strain UDF-1 T and closely related type strains were determined as recommended by Shirling and Gottlieb [10] and Williams et al. [11] . Gram staining was performed by the Hucker method [12] . Nitrate reduction was determined for cultures grown in nitrate broth [13] . Growth at various temperatures (4, 10, 15, 20, 25, 30, 37 , 40 and 45 C), pH (4-11, at intervals of 1 pH units, by using sodium acetate/acetic acid, Tris/ HCl and glycine/NaOH buffers, respectively), and NaCl concentrations [0-7 % (w/v), at intervals of 1 %] was examined on ISP 2 medium. The substrate utilization profile was tested in basal medium [10] ; each sterile substrate was added to the medium aseptically to give a concentration of approximately 1 %. Enzyme activities were tested using the API ZYM kit (bioM erieux) according to the manufacturer's instructions. The antibacterial activity was determined by the paper disc diffusion method [14] against T formed well-developed and branched substrate hyphae on all of the tested media, but no aerial hyphae. The colony colours of strain UDF-1 T were brownish-orange on ISP 2, ISP 3 and ISP 4, light orange on ISP 5 and ISP 7, and orange on ISP 6 (Table S1 , available in the online Supplementary Material). Diffusible pigments were not observed on any of the tested media. Melanoid pigments were not produced on ISP 6 or ISP 7 medium. Strain UDF-1 T fromed spherical to oval, rough-surgaced spores which were nonmotile (Fig. S1 ). Strain UDF-1 T was able to grow at 20-37 C, at pH 6.0-10.0 and in the presence of 0-1 % (w/v) NaCl, with no growth observed in the presence of 2 % NaCl. Optimal growth was observed at 28 C, and pH 7.0-8.0. Other phenotypic characteristics are presented in the species description and in Table 1 .
The 16S rRNA gene sequencing of strain UDF-1 T was performed as described by Lee et al. [15] . The phylogenetic neighbours were identified and pairwise 16S rRNA gene sequence similarities were calculated using the EzTaxon-e server [16] . The 16S rRNA gene sequence of strain UDF-1 T was aligned with the published sequences of closely related bacteria using CLUSTAL W 2.1 software [17] . Phylogenetic trees were reconstructed by the neighbour-joining [18] , maximum-likelihood [19] and maximum-parsimony [20] algorithms within the MEGA 5 software package [21] . Evolutionary distance matrices for the neighbour-joining method were calculated using the algorithm of Kimura's two-parameter model [22] . To evaluate the stability of the phylogenetic tree, a bootstrap analysis (1000 replications) was performed [23] . Amplification of the gene gyrB was performed by the method of Garcia et al. [24] . 16S rRNA gene and gyrB sequences used for phylogenetic comparisons were obtained from the GenBank database and the strain designations and GenBank accession numbers are shown in Figs 1 (Fig. 1) , maximum-parsimony (Fig. S3) and maximumlikelihood (Fig. S4 ) methods resulted in highly similar tree topologies, with strain UDF-1 T forming a distinct phyletic line within the group of M. palomenae NEAU-CX1 T . According to the pairwise gyrB sequence comparisons, the similarity of strain UDF-1 T to strains of other species of the genus Micromonospora was below 97 %. The highest gyrB sequence similarity value of strain UDF-1 T was to M. saelicesensis DSM 44871
T with 68 % bootstrap values (Fig. S5) . However, the 16S rRNA gene sequence of strain UDF-1 T showed low similarity (98.5 %) to M. saelicesensis DSM 44871 T . Cellular fatty acids were extracted from cells grown on tryptic soy agar (Difco) for 5 days at 28 C. Cells were obtained at the late-exponential growth phase for reference strains and analysed by GC (6890 N; Agilent Technologies) according to the standard protocol of the Sherlock Microbial Identification System (version 4.5; MIDI database TSBA 40, [25] ). For chemotaxonomic analysis, freeze-dried cells were obtained from a culture grown in ISP 2 broth on a shaking incubator at 120 r.p.m. and 28 C for 14 days. Identification of the isomer of diaminopimelic acid in the cell wall and analysis of wholecell sugars were performed as described by Lechevalier and Lechevalier [26, 27] , and Staneck and Roberts [28] , respectively. Polar lipids were extracted and detected according to the method of Minnikin et al. [29] . The total lipids were separated on silica-gel plates by two-dimensional TLC with a solvent system composed of chloroform/methanol/water (65 : 25 : 4, by vol.) in the first direction and chloroform/methanol/acetic acid/water (80 : 15 : 12 : 4, by vol.) in the second direction. To detect spots and their colour reaction, 5 % ethanolic molybdatophosphoric acid, Dittmer's reagent, ninhydrin solution, Dragendorff's reagent and a-naphthol reagent were used for all lipids, phospholipids, aminolipids, choline lipids and glycolipids, respectively. Menaquinones were extracted as described by Collins [30] and separated by HPLC. The G+C content of the genomic DNA was determined by the HPLC method according to Mesbah et al. [31] .
The major cellular fatty acids of strain UDF-1 T were iso-C 16 : 0 (25.7 %), anteiso-C 15 : 0 (14.2 %) and iso-C 15 : 0 (12.9 %) ( Table S1 ). The cell-wall peptidoglycan contained meso-diaminopimelic acid. Whole-cell hydrolysates contained predominantly arabinose and xylose. The polar lipids pattern consisted of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol and four unknown phospholipids (Fig. S2) . The predominant isoprenoid quinones were MK-10 (H 4 ) (72.7 %) and MK-10 (H 6 ) (28.3 %). The G+C content of genomic DNA of strain UDF-1 T was 73.1 mol%.
To determine genomic relatedness, DNA-DNA hybridization was performed using the modified method of Ezaki et al. [32] . Probe labelling for DNA-DNA hybridization was conducted by using the non-radioactive DIG-High Prime system (Roche); hybridized DNA was visualized using the DIG luminescent detection kit (Roche) and the level of DNA-DNA relatedness was quantified by using a densitometer (Bio-Rad). Strain UDF-1 T exhibited low DNA-DNA relatedness (mean±SD of triplicate determinations) with M. palomenae JCM 30056 T (29.4±1.2 %), 'M. maoerensis' DSM 45884 (25.8±0.7 %), M. endolithica KACC 15237 T (26.3±0.9 %) and M. matsumotoense JCM 9104 T (20.1±1.2 %). These values are below the 70 % cutoff point recommended for the assignment of organisms to the same species [33] .
Strain UDF-1 T could be easily distinguished from its most closely related species by the different colony colour on ISP 2 medium (Table 1 ). In addition, some physiological features, such as hydrolysis of casein, cellulose and starch, utilization of L-arabinose, D-glucose D-mannitol, D-mannose, raffinose, L-rhamnose and D-xylose could readily differentiate them strain UDF-1 T and the most closely related species.
Moreover, the menaquinone composition of strain UDF-1 T was also different from those of phylogenetically related species ( Table 1 ). The fatty acid composition of strain UDF-1 T was similar to those of closely related species such as the presence of iso-C 16 : 0 , anteiso-C 15 : 0 and iso-C 15 : 0 , but differed based on the relatively high amount of C 16 : 0 and C 18 : 0 in strain UDF-1 T (Table S2) .
On the basis of phylogenetic analyses and the morphological, physiological and chemotaxonomic data, as well as DNA-DNA hybridization values, strain UDF-1 T represents a novel species of the genus Micromonospora, for which the name Micromonospora fulva sp. nov. is proposed. The type strain, UDF-1 T (=KACC 18696 T =NBRC 111826 T ), was isolated from forest soil collected from Chungnam, South Korea. The DNA G+C content of the type strain is 73.1 mol%.
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